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9 FOREWORD

4

The USAF Extension Course Institute,
with hundreds of courses and thousands of
examinations, is in an excellent p051t10n
to apply sophisticated techniques in its
evaluation program. One such technique is
described here -- a program to estimate
failure rateg ,and reliability prlor to test
admlnlstratlon.5

Since the field testlng and refinement
‘of so many instruments is a luxury beyond our
means, predlctlve measures of difficulty and
reliability are necessary tools of test develop-
ment and evaluation. Mr. Vergil McIntosh,
of the ECI Evaluation and Research Division, has
developed predlctlve measures that meet our needs
admlrably in this area.

. . -
This report on the programs- he has developed
has been published~in the thought that other
educational *nstitutions, both m111tary and civilian,
can benefit from our findings. The’ comments of
users would be appreociated.

S 0 R

HAROLD MARKOWITZ, JR., nt#¥ol, USAF
Chief, Evaluation and Research Division -

o
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ESTIMATING EXAMINATION FAILURE RATES AND REﬁIABILITY
PRIOR TO ADMINISTRATION

\\"

TNeany v
~

Section A - .Introduction
Problem:

Becausesof the requirement to place examinations in use
before pre-testing, the Extension Course Institute (ECI)
somegtimes finds that examinations are too difficult or their
reliability is not high enough to be acceptable.l Ther ore,

- a procedure is needed to accurately predict thes~ test statis-
tics before \the test is activated. T ) .
g > _ 7 ~

To meet these needs a systemKKés been devised #fd evaluated
to estimate' test statistics by ma¥ing an estimate of the ease
and discrimination dndex for each item. The procedure was .
tried, compared with actual statistical®analyses, and found,
in nearly all casesj to give close approximations.

The pégcédure was first computed maSBally'using a work-
sheet and a normal curve probability table. A computer program
was later developed wlich makes the computations .and prints
out a report in approximately one minute) Both the manual and

the computer procedures are described.in the following sections.
' , U~ . N .

a B - Section.B - Procedures
t

L

Statistical Formulas: <;a T N .

7 In order to follow the r tiona}if;or the ptooedﬁre it is
necéssary to consider .the statistical formulas involved in the
present statistical analysis of examinations. These formulas

are: : .
‘ L Reliabflity 4;Kuder—RichArdson Formula 21.
2 Co :
R =10 = M(n-M) (
: o (1) F |

7
Where: " n = thé number of items on the examination; 0 = the
'stanqprd deviation of scores; M = mean of examination scores.

- o . . o

l. Internal standardedégéne aﬁ'unaCCeptéble examination as one

having a failure rate in ekXcess of 35% and/or a reliability

coefficient "of Iafs than (.75.
1

e B . : ' o :
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Standard Deviation (¢) = 4V// L x

n

where' X = any deviation. from the mean; x2 =='--sum of the

squared deviations; N = number ' of cases.

'Sinee we do not«have all of the data available td”sutsti-
tute in the above formulas until a sample of 'student solutions,
has been recelVed, it is obvious that we must make some esti-
mates. " » ’ )

Ebelz gives a fbrmula which can be used to estimate
the variance of the scores on a test. It is expressed as:
Y- .
2 _ { Ip)2

» B 1,'

.6::,— !

where: D is the sum of the. lndfﬂfs of d;scrlmlnatlon for a

teSt. i . N > < '/ 1. 4 r‘
. ’ - SN _

: In us1ng this formula tg pﬁ@éiﬂt the- warlance of -d sample

of ECI tests it was found thit vhﬁiance caf be predicted best

by using a divisor of ‘about &i5%¢" e, reason £6r this.difference ,

is not known, but Ebel may have. us a dlfferent formula for

computing discrimination indexes f . .

“, o Yo, .“'V'

A
4

A In_oxder to estimdte. the faityréd: rate, it is necessary
to eompute tﬁexizea under the norma} ﬁ%obablllty curve -falling.
below the fail score. This ¢an’be comﬁuted by determining the,
diffétence Ain gstandard deV1at10nszetween the mean ard the fall

point by the formdla: ! . . : _ .0 E
‘\J’:‘ e N _ . . .
| o x f.v.s S .
* spaife = o :
e ’ g ) ‘ ! jo o

. o
where: x is the difference in score units betweeh the/ﬁéan and
the fail score; and. o is the standard deviationsof the scores.
By referring to a table of the fractional parts—of the area
-under the normal probability curve, the perc®nt of scoresg falling
between the mean and fail point can be deterfiined (e.g. Table A
) 1?8 in Garrett Statistics in Psychology and Education).

gy _— : ~"- ‘ I/ ,m ‘ . | ,~

. A\ ¢ ‘
2. ng. Ebel, Essentlals of Educational Measurement anlewood :
Cliffs, NJ: Prentlce—HalI* 1972, p. 399-401.
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Subtracting this value from 50 percent results in the percent
of estimated failures for the examination. This, of course -

- assumes student scores approximate a normal distribution. In
using this procedure with a group of ECI courses, it was found
that’ the predictions were generally close to the“actual failure
rate,

Manual Computations:

. \ o
The steps in estimating the examination , statistics are
as follows: ) v :

'STEP 1: ESTIMATE THE EASE INDEX AND DISCRIMINATION INDEX
FOR EACH ITEM IN THE ITEM BANK. This step is done by the test
constructor as he checks the item pool. If the items have been
uséd on previous examinations, the item analyses statistics can
provide a good basis for estimating the expected performance of
each item. . Estimates for individual items may not have a high
degree of accuracy: however, when averages for all items are
computed, the estimated and actual performance ought not differ
greatly. This generalization is drawn from the known fact that
a number of estimates when averaged will be very close -to the
true value. This step can be refined and the accuracy improved
through (a) preparing guidelines for making estimates, (b) col-
lecting and analyzing data on estimates, and (c) holding in-
service training on making estimates for test constructors.

STEP 2: SELECT ITEMS FOR THE TWO PARALLEL COURSE EXAMINA-
TIONS (CE) FORMS AND COMPUTE THE AVERAGES OF ITEM DLSCRIMINATION
INDEXES AND THE ITEM EASE INDEXES. A worksheet (see figure 1
has been devised to agsgist in making the computations.

2
STEP 3: COMPUTE THE VARIANCE (o~ ) AND STANDARD DEVIATION
( 9). See page 2. :

STEP 4: COMPUTE THE MEAN (M) OF THE RAW SCORES. M equals
the number of i1tems on the examination ti@ei the average item
ease. ' !

STEP 5: COMPUTE THE FAIL POINT. Fail goint = ,60 x the
number of items on the examination.?Z s :

STEP 6: SUBTRACT THE FAiL POINT FROM THE MEAN AND DIVIDE
THE DIFFERENCE BY THE STANDARD DEVIATION. This gives the differ-—
ence 1n terms of standard deviation units. "

4. Internal standards mandate this fail point which is based
on Air Training Command resident school standards.

co



WORES!T ‘
Sor estirating tesl _allwr( rates and reliability

oAtz 20 forn \ Tate

—————

A. Tumber of ijerns on the exaninabtioll o o o o o 0 o o o —

Be Jum of Discriiiration INJCXQS:1 e o o o o o o o o o o o

. liean of Discriwination Inde:co::._(Bﬂj .

C
D. Sum of Ttem Fa5C IndCXeSe o o 5.0 o o o o o o ¢ o o o

E, ican of Fase TrdoxeSe o o o o ..rb/é]. ce e .

¥, liean of Raw Scores [E_x éj_.f. .« o e . _ Vean)

3
L]
L]
L]
L]
LJ
L]

G, Tail Score [} x .EEH c e e e e e e
1., Tstimated Variance (g-39) [:_"’ Y/ I .

I.. Fstimated 3 oandard Deviation Lﬁﬁ/ﬁ] s s e e e o s ‘_(S.D;)
J. Differerce bet:een 'ean and Fail Score |: - j « o -
Nifference "J" in tems of Standard Deviatiors D/i]o

L. Porcent of Sceres betireen 'ean and ¥Fail Point
Refer to table of nor-al probability curve). o o o o

‘H. Pstimated Tailvre Rate  [.50 = L] e o e 0 o oo (Fn)

Tstirate the test Reliability vsing Kuder-Richardson
formula 21 5
R= no“ -l (nM)

o2 (n-1f

N. nx 02 =Ex4:ﬂ= .
0o n-1 =[&-F= ‘.
P. M(ﬁ;u)s[fx;é_j:..
Q. Thenumerat’bi=@-ﬂ= I I SR R R R

R, n.-1=E‘-ﬂ= “"“".“"""";

S. n]CdenOﬂinator:Exn-:oooooccoooocoo

m. Qeliabjlity ﬂ::}_/g: e ¢ o o 6 o o o 0 o o o e e o 0 (ROI.)

Figure 1. Worksheet for Computing Estimates Manually.
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Example: between the mean and a point 1.51c (ol( = 1.51) °

b .
) ) Normal Curve
Failures
¢ -
. s :
.447:/// - X P
M /./ . me e e ’ s .
* , Mean
If x)U"=
area
———Fall Poin
l
the mean and the fail point,
Fractional parts of the total area under the normal
probability curve, corresponding to distances on the
baseline between the mean and successive points laid
off from the mean in units of standard deviation
are found 43.45% 'of the entire area under the curve.
z ' -
;> 00 .01 .02 .03 .04 O
t
. 0.0 00GC 0040 00RD 0120 0IFD 0199
0.1 0398 (343 (478 0517 0337 ‘0 un
0.2 0793 0932 (571 0910 0948  O0aT
0.3 1170 1217 1255 1293 1831 134
0.4 1554 1391 1628 1664 1700 1TUg
0.5 1915 1950 1985 2019 2054 A0S
0.6 2257 . 2201 2324 23237 2usn  ogeo
0.7 2580 2611 2642 2673 2701 2741
0.8 2881 2910 2939 2957 o005 30-3
\ 09 3158 3186 3212 3238 su0i 305y
10 3413 3433 3461 3155 3508 3331
L1 3643 35665 30S6 3705 3720 449
L2 3540  3ISRY 5588 30U7. 5623 a044
134092 4040 46 40%2  4GA9 415
14 4190 207 402 4256 4u31 4065
L6 4332 4345 4357 4270 4383 4204
16 4452 4163 4174 - 4ISH 5005 4505
L7 4554 4061 4373 QN2 4301 45
. L8 461l a0 {036 d465b  qut qnos
L8 9713 4TID ATUC 4552 4TIS 4714
2.0 4772 477S 4TST 4798 47on  27og
2.1 48 [ AL T Ne) I L% ¥ B EAEN
2.2 4551 4861 4808 4ST] 4NTR gaik
2.3 4593 d8U6 dqNIS QU0 G004 s
244918 4000 4922 3025 4007 gty
3 401N 4081 anin anes 4ngs
0 4155 d95RATLT  qusd g
el SO6T Sy gogn gnTa
. 75 4NTE 4977 ansT auTe
. 4982 TTUS2 4uS3 4084 dusy
. ?‘ »
Figure 2. Normal Curve
' »
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Probability Table,
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BINFLS
dikg L

4018
LU
1971
<7

R HAW)

.07

0270
0675
164
1445
1508
2157
pARY
270t
307
3340
3577
3700
au8
4147

C4un2
© 4418

4325
406
dh0
475Q =
ARS8
ANG)
AN> 4
4911
44052
4019
L IITRS]
497l
4079
4485

.G§

0319
0714
1103
Lisy
1844
2100
2517

2823

3106
3365
3399

3as10 -

2097
4162
1306
4429
d .‘1-3.‘)
il
0499

76l
4872
AN4
4887
4913
401
4951
E HR
4077
4980
4986

1.38, the area= 41,48% of the
below the mean, (see table below)

‘ Area below fail point = 50,00 = L1,48= 8,329 which
~|_is the percent of the students expeced to fail exam.
' x is the differaace in raw score points between



STEP 7: DETERMINE THE AREA UNDER THE NORMAL DISTRIBU-
TION CURVE BETWEEN THE MEAN AND THE FAIL POINT us1ng the
table_at Figure 2.

STEP 8: SUBTRACT THE VALUE IN STEP 7 FROM 50. PERCENT. g
This value is the estimated failure rate. It assumes the
distribution of student scores approxlmates a normal dis-
tribution. .

STEP 9: COMPUTE THE TEST RELIABILITY by substituting
the appropriate walues in the relléblllty formulas.

,

SECTION C - COMPUPER PROGRAM FOR COMPUTING FSTIMATES

, A computer program has been written in the BASIC language
exgedlte the computlng process. The steps in the procedure
areée a follows., ‘

STEP 1 Estimate the ease and'dlscrlmlnatlon indexes for
each ifem in thé item bank.

STEP 2: Input the item ease and discrimination indexes
for the selected items into a disk file via a remote terminal.
Do not use decimal points in inputting the data.

STEP 3: Use the ISE 2 .computer program (see Figure 3) to
compute the estimates and print out a report. In running the
ISE 2 program, the file name, for the data file should be entered
in line 060." Line 070 should be checked (llsted) to _assure the
read statement corresponds to data listed in the file. The -
value "y" will read the ease index, and "z" the discrimination |
index. ; :

'STEP 4: A repoft'wili be printed out on the remote terminal
A sample report is shown in figure 4.

-

i




IO REM***THIS PROGRAM ESTIMATES MEANS.FAILURE RATES.

20 REM AND) RELTABILITY**%*
) 30 REM #**DATA 1S ENTERED FROM A FILE#wx

40 PRINT "ENTER COURS AND FORM NUMBER™

50 INPUT C1,C2

60 FILES 6315058

70 FILES NRMCRV1

80 READ #1,X,Y,Z.W

90 N= N+I :

100 K+Y

110 =08/

120 IF MORE #1 THEN 80

130 REM***COMPUTE AVG EASEx+x

140 h=e/(n*]100)

150 REM*x* COMPUIE AVG ITEM DTSC***

160 g=(d/100)/(n) :

170 REM***COMPUTL MEAN OF RAW SCORES***

180 r=n*h

190 g=n*,60

200 REM**xCOMPUTE VARIANCE***

210 a=4.5
220 ¥=(d4/100)"2
- 230 v=((d/100)°2) /(Aa)

24C s=v~.5 . ' , g

250 rem compute diff mean and fail pt in sd -
260 o=(r=q)/s

270 print "diff mean and fp in sd "o

280 O=(0*10)+.5 \0O=INT (0"

290 READ #2,E,F -

300 IF E<>0 GOTO290

310 [=.50 =-F

'320 k=(n*v- r*(n—r))/(v*(n—l))

330 PRINT\PRINT\PRINT

340 print tab(14)3"COURSE EXAMINATION STATISTICAL ESTIMATES™

35Q PRINT TAB(16)3"COURSE";C 1 " PFORM"3C23SPC(10)"DATE"$ SPC(2)3DATS
360 orint using 370, n

370% NR ITEMS= : ###

380 print using 390, h [
3903 AVG EASE= ‘ LR . .

400 print using 410, g . ) g =

410s AVG ITEM DISC= CHEE L .

420 print using 430, r ‘ , :

430t MEAN= #H# B e R K
440 print using 450, S ' ’ :
4508 STANDARD DEVIATION= HELHE ‘
460 print using 470,qa '
470% PASS/ZFAIL POINT~ #HLH# .

430 print using 4990, t -
490t EST FAILURE RATE= T8 . '
500 print using 510, k ‘ ‘ : _
5103 RELIABILITY- #.BHH - R
520 print v ' .

530 END ) ‘ : ' .

FIGURE 3. TSE PROGRAM TO COMPUTE EXAMINATION STATISTICAL ESTIMATE

. | 12
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S VG EASL= TN
WG Tesr oIsC= w28
< MEAN=" : I
“USEANDARD DEVEIALTON=" 9.53

o UPASS/rAIL POTUEE- 0 43.2 0 o7
CoALGE FATLURE RALE= © .20 §

<ELTABILTLY= Lo L8497
: .
'Figure L. Printout of a Statistical Report.
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. o . - Section D ~ Conclusions

Findings: ) ;
. |
Comparisons were made between the estimates for several
courses and item analyses based on samples of student test
T 'papers. The results showed generally c¢lose agreement.
. Differences were approximately of the same magnitude as
differentes found bétween two different analyses. Figure 5
is a table comparing estimates with student samples of 51 and .-
20l. Zeros on the table indicate -that data are not available.
~ . {"CRSE" and "FM" indicate ECI course and examination form

number. ' - .
. - et —— e et . - 1
. . 2 ' i \
~
’ - L COURSE EXAMINATTON SIATISIICS :
JCiSE CrM) AV EASE | AVG DISC . S DEV FAIL RATE [RELTABILILY
b e JESL DI 201 JESE 51 2011 EST 51 20V [EST 5] 201 [ESL 51 201 .
P3230124 0074 LA L0029 021 000 [.8.5 5.9  LO[.15 .14 .001.85 .64 .00
2421120007301 W13 1037 .39 L36[15.1 14,6 .0{.13 .31 .24].93 .93 .y
BA21TI23 0076 073 074 |34 .34 03301401 13.0  .00.17 .23 201,83 Lo1 o
DALBUEIS LT3 WAB LA 1029 032 .32 112.7 13,8 L0].25 .00 .320.89 .91 .90
O4D50 351,73 LAY LAY 1,29 126,29 (13,0 10.8 .0 |.24 .20 .23'.00 .85 .5
'4/5()2_5 I8 LAA LAK 129 24 .27 1]13.3 10.4 N 1eND 033 .31 1.91 .81 .85
2415026 1L77 W59 LA4 131 .29 031 112.3 12,5 .01].12 .57 .34|.93 .RA . 1R
5525412/ 1,72 L11 .90 .38 .33 .00[146.9 .0 " .nl.25 .24 JNN0L.94 L9 .00
159254128 L. /2 L /7 .00 1,33 .25 .00 [15.17 L0 .0[.22 .08 00193 .45 .00
F621000 25 075 LA L0 FL.29 .24 .00 9.7 Rz3 se0 13 .22 .00 84 78,00
16313024 115 L2 0i501.33%.31 L27013.8 12,4~V .6 14 .19 121,92 .89 x0
(63130025 1073 L /3 /4 [ U031 .32 2701302 12.4 11,310,108 18 11 1.91 .90 .as
6310025 1012 /2,14 .34 .26 .27012.0 9.1 '8.91.22 218 14[.90 .R3 .n4
(031904241, 73 070 .72 [ .32 .25 .27011.3 9.2 9.4(.19° .14 .14|.89 .82 .84 |
164552424 .14 /6 .00 |34 .34 .00 9.6 .0 .01.19 .18 L00]. 83 <92 .00
G4ADS2 23 T4 12 L00 [ .34 .30 .00 8.8 .0 L0[.19 .12 .0N|.39 864 .00
[YOESOI24 1012 070 L 13 |28 .19 .26]13.4-.8.8 - 7.21.18 .12 .121.90 .74 .84

I'igure 5. Comparison of Fstimated Statistics with ‘Analysi‘s of Student Samples.

-

Although estimates are generally close to the actual analyses,-
it is likely that some refinements can be made to the procedure,
and guidelines can be prepared to assist test constructors in
making estimates, and thus improve these estimates.
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Significant advantages to be realized from using the
estimating procedure are that it will (1) help assure that
different forms of the €Es are equivalent, (2) reduce the
number of CEs with excessive failure rates or low relia-
bility and (3) require test constructors to carefully
evaluate an item's function in a test. This will result fﬁ

g

distinct improvement in test quality. / "

Summ . 5 N | . ) //,/

A system“ﬁ“ n. developed to estimate examination
statistics beﬁp-j‘ W examination has been administered. The
system requiréSZ'w.sfest constructor to make an estimate of
the- ease index an@discrimination index for each item. . These
indexes are then uséd to compute test estimates using the
worksheet or the computer program. Based on samples of
actual student data the system has been found to provide rela-

tively close estimates of test ‘performance.

10 | \
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